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1.0 INTRODUCTION

The Saturn C series was conceived and recommended by the NASA Saturn
Vehicle Study Group in December 1959. This Study Group recomnended
the initial development of the C-1 configuration to be followed by the
C-2, using a new sccond stage. The Saturn C-% vehicle, as originally
envisioned, would have followed the C-2 vehicle, and would have utilized
the upper stages developed for C-2. More recent conceplts envision the
Saturn C-% vehicle as a large step forward, bridging the gap between the
Saturn class of vehicles and the ultimate Nova class, and at the same
time providing a heavy weight-11fting capability at an early date so
that certain spacecralt missions can be met. The C-1 and a represent-
ative C-3% configuration are illustrated in figure 1. This report will
give a brief description of a C-3 along with preliminaxy flight char-
acteristics. In addition, a brief description of a probable Nova
vehicle including preliminary weight and performance oplimization infor-
mation is presented. All of the informntion presented in this report
was provided to the NASA Space Task Group, Langley Field, Virginia by
NASA Marshall Space Flight Center, Huntsville, Alabama.
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2.0 A SATURN C-3 VEHICLE

Mission requirement.-

Three-stage escape missions.- The Saturn C-3 vehicle is designed

for the three-stage escape mission. The primary purpose of the
vehicle is to accomplish escape of a spacecraft of about

39,000 pounds. Figure 2 illustrates a basic three-stage C-3
configuration including a possible Apollo spacecraft config-
uration.

Configuration.- The configuration shown in figure 2 is based
on a preliminary study of the vehicle systems and its mission
requirements. Basically the configuration consists of three
stages and a payload. The first stage designated as S-IB will
have a propellant loading of 1.6 X 106 pounds and will use two
F-1 engines. The oxidizer and fuel used will be liquid oxygen
and RP-1 respectivel%. The adjusted thrust level generated
will be about 3 X 10° pounds. The second stage, which has been
designated as S-II, has a design capacity of approximately
T700,000-pound propellant loading, and will utilize four J-2
engines. This stage will use liquid oxygen and liquid hydro-
gen as an oxidizer and fuel respectively. The adjusted thrust
level for this particular stage will be about 800,000 pounds.
The third and final stage (S-IV) has a design capacity of

100, 000~-pound propellant loading, and will utilize six RL-10A-3
engines. Liquid oxygen and ligquid hydrogen will also be used
as an oxidizer and fuel for this stage. The adjusted thrust
generated will be about 90,000 pounds. The payload on top of
the S-IV stage is a representative shape of an Apollo space-~
craft. With this C-3 configuration, payloads on the order of
100,000 pounds can be placed in low orbits, or payloads on the
order of 39,000 pounds can be taken to escape velocities. The
information presented in this report was based on a lift-off
thrust-to-weight ratio of 1.25.

Plight sequence.- A typical flight sequence would be as follows:

(a) Vehicle countdown. S-IB stage ignition followed by
approximately 3-second holddown during which the S-IB stage
engine operation is monitored.

(b) After vehicle release, a normal boost flight occurs.

(¢) At 10 percent mainstage thrust (tail-off) of the
5~IB stage engines, the separation devices are actuated and
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retrorockets retard S-IB, %g relative to the upper stages.

Retrorocket burning time 1s adequate to prevent "runup" of the
S-1IB stage.

(d) After separation of the S-IB from the vehicle, the
second~stage engines are ignited.

(e) Second-stage cutoff is on a depletion signal or a
signal provided by the guldance system. Eight seconds prior
to predicted depletion, the tilt program is arrested, which
reduces the pitch rate of the trajectory to zero. At approx-
imately 0.7 second after the S-II stage cutoff, the S-IV stage
separation devices and ullage rockets are fired. Simultaneously,
S-II retrorockets fire, retarding the S-II stage. 1.7 seconds
later the S-IV stage has cleared the interstage and S-IV stage
start signal is given. (This separation time sequence data
is tentative information pending flight experience.)

(f) S-IV stage and payload separation will be determined
by the mission and payload characteristics.

2.4 General design characteristics.- Figures 3 through 6 and
table I illustrate the general design characteristics of each
stage system including rigidity (EI values), engine operating
parameters, and mass data. An inboard profile of S-II stage
is shown in figare 7.

2.5 Vehicle structural loads.- The loads presented in figures 8
through 11 are preliminary. Tables I and II illustrate the
parameters used in computing these loads. Figures 8 through 11
show wind shear and bending moments for 28-knot and L40O-knot
velocity winds including gust factors with the vehicle flight
ready and laterally unsupported. Figure 12 shows the longi-
tudinal force distribution if the stage S-IB engines are cut
off during the holddown sequence (rebound). Figure 13
indicates the longitudinal force distribution at lift-off.
Figures 14 through 17 show the vehicle shear and bending
moment at the maximum dynemic pressure point for two con-
ditions: (a) Transient peak; o = 7.7° and B = 3.2°,
and (b) o = 0° and B = 4°. Figure 18 presents the longi-
tudinal force distribution at this point.

Figure 19 shows the loagitudinal force distribution at cutoff
of stage 7~-IB. The holddown and rebound reactions at the
holddown point are 2,491,270 pounds (holddown) and

4 608,770 pounds (rebound). The base bending moment for a
28-knot wind is 16,600,000 inch-pounds as illustrated in
figure 9.
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A preliminary vibration analysis of the Saturn C-3 vehilcle

has been made to ascertain natural bending modes and fre-
quencies at 1lift-off and maximum dynamic pressure. The lift-
off frequencies were 1.60 cycles per second and 3.67 cycles
per second for the first and second modes, respectively. Fre-
quencies calculated for maximum dynamic pressure condition
were 1.67 cps and 4.05 cps as illustrated in figures 20 and 21.
Relative angular rotation at these frequencies is shown in
figure 22.

Anticipated vibration levels on the payload are given below:

Steady state levels Translent levels
20 to 45 cps at 1.lhg vector 20 to 50 cps at 2.3%g vector
45 to 100 cps at 0.011 in D.A. 50 to 112 cps at 0.018 in D.A.

100 to 2,000 cps at 5.7g vector 112 to 2,000 cps at 11.hg vector

2.6

2.6.1

2.6.2

The launch condition external sound pressure level spectrum
for the payload section is plotted in figure 25. The over-all
sound pressure level versus vehicle station length (for launch
condition) is illustrated in figure 24.

Aerodynamics.-

Three-stage escape trajectory.- Two typical trajectories are

illustrated in tables IIT and IV. The 1.25g lift-off thrust-
to-weight ratio is shown in table IIL and employs the standard
vehicle off-loaded and the 1.15g trajectory is shown in

table IV. Although each of these preliminary trajectories

were calculated assuming slightly different hardware weights,
the velocity and path-angle data are representative of
expected conditions. These trajectories represent a relatively
"flat" ascent to injection.

Stage S-IB flight dynamics.- The Saturn stage S-IB control

system is designed for wind speeds of at least two-sigma
level (approximately 75 m/sec) at the jet-stream level at
Patrick Air Force Base, Florida. Control of the attitude
loop in pitch and yaw 1s referenced to an attitude sensor
(gyro) and an airflow direction sensor (angle-of-attack meter
or an accelerometer which is sensitive perpendicular to the
longitudinal axis of the vehicle). Preliminary studies of
the rigid body motion in response to winds and wind shears
indicate that during the high dynamic pressure region (which

el
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coincides approximately with the highest wind region), the

most favorable S-IB control frequency is between 0.15 and

0.3 cycle per second. Dsmping characteristics will be prob-
ably somewhat below critical for the S-IB configuration.

S-IB engines gimbal up to the maximum allowable of 4O and
angles of attack up to 10° have to be considered during flight
in the high dynamic pressure region. NASA Marshall Space Flight
Center practice requires a control natural frequency of % to %O
of the vehicle natural bending frequency.

2.6.% Coefficients .~ Curves of the variation of normal-force coef-
ficient versus longitudinal stations as a function of Mach
numbers ranging from 1.50 to 4.0 are shown in figures 25 and
26. TFigure 27 presents a variation of normal force and center
of pressure with Mach number. The variation of forebody drag
coefficient at o = 00 with Mach number is shown in figure 28.
Base drag coefficients versus Mach number for both power-on
and power-off cases are shown in figure 29. TFigure 30 shows
a variation of the total drag coefficient versus Mach number
for the power-on and power-off cases.

2.7 Guidance and control.-

2.7.1 Control scheme for C-3 vehicle.- Illustrated in figure 31 is
a representatiocn of the general plan for the C-5 vehicle
actuator control.

2.8 Ground support operations.-
2.8.1 Launch site.- The Saturn C-3 vehicle will be launched from

The AtTlantic Missile Range. The vehicle will be launched

from facilities utilizing auvtomated, digital computer systems.
The launch complex presently planned for the C-3 is Launch
Complex 37. Figure %2 shows a C-% on the launch pad. An
over-all planview of Lauvach Complex 37 is i1llustrated in
figure 3%3. PFigure %l shows the relative location of major
facilities within Launch Complex 37, including the operations
support building. Figures %5 and 56 show the first and second
floor plans of the launch control center (hlockhouse).

Space is provided in the encloscd lower declis of the service
structure for measuring snd check-out equipment, and in the
svtonatic ground check-out station at the base of the umbil-
ical tower. Figure 37 illustrates the service structure,
levncher, and uwwbilical tower. Figure 33 shows the automatic
ground conbrol station which is the concrete base of the
wumbilical tower.
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3.0 A NOVA VEHICLE

General.~ The Nova vehicle configuration is now in the very
preliminary stages of planning and design. Various configu-
rations utilizing various engines and stages are being tech-~
nically evaluated in order to obtain a near-optimum vehicle
that can 1ift heavy weights to escape velocities. One of
these Nova configurations is shown in figure 39 and should be
considered as a representative Nova vehicle.

Configuration.- The Nova vehicle configuration shown in figure
39 consists of three stages and a payload. The first stage,
which is a single tank, utilizes eight -1 engines to generate

an adjusted thrust level of 12 X 106 pounds. The oxidizer
and fuel used will be liquid oxygen and RP-1. The second
stage also has eight engines but of the J-2 type, and the

~
adjusted thrust level generated is about 1.6 % 10° pounds.
This stage will use liquid oxygen and liquid hydrogen as an
oxidizer and fuel. The third and final stage has two J-2
engines that develop about 400,000 pounds of adjusted thrust.

Weight and propulsion daba.- Optimization curves of propellant
loading for the Nova vehicle configuration for 100-nautical-
mile circular orbit are shown in figure 10. TFigure 41 shows
the optimization curves of propellant loading for the Nova
vehicle for escape mission from 100-nautical-mile minimum
altitude. Figure 42 shows the effect of nelt structure weight
and specific impulse variations on the Nova vehicle for:

(a) 100-nautical-mile circular orbit

(b) Escape mission from 100-nautical-mile altitude
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4.0 TABLES



TABLE I.~ ENGINE OPERATING PARAMETERS

Item Units 1st Stage 2d Stage 3rd Stage
Engine F-1 J-2 RL 10A-3
Menufacturer Rocketdyne Rocketdyne Pratt and Whitney
Stage association S-IB, 2 engines; S3-IT, 4 engines| S-IV, 6 engines
Oxidizer Lox Lox Lox
Fuel RP-1 LH2 LH2
Nominal mixture ratio o/f 2.25:1 5.0:1 5.0:1
Iominal flow rate 1b/sec 5,661.k k70.21 26
NPSH, oxidizer 't 71 25 30.3
IIPSH, fuel fto 11k 130 260
Throat area in. 962.11 169.7 28.106
Txpension ratio 16:1 27.5:1 Lo:1
Nominal thrust 1b 1,500,000 200,000 15,000
Specific impulse (min) sec 260 Ritere) 420
Meximum gimbal angle deg (square +10 +7° +4°
pattern)

Gimbal rate deg/sec 10 30 15
Gimbal acceleration rad /sec 1 25 38
Length, gimbal axis to

exit plane in. 215.7 116 69
Fngine dry weight 1b 11,590 2,028 285
Fngine wet weight 1b 1k, 438 2,155 291

2 - % 9%9ed
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TABLE II.- LOAD PARAMETERS

Lift-off Max q Cutoflff

Time (sec) 0 72 1%2.26

Vehicle weight (1b) 2,608,730 | 1,778,000 | 1,082,71k

Total thrust (1b) 3,000,000 | 3,348,100 | 3,452,600

Usable booster propellants (1b) 1,600,000' 769, 270 7%, G0k
Vehicle center-of-gravity station Wﬂééﬁ 895 1,197
Longitudinal load Ffactor (g) 1.15 - L.7% 3.1
 hogle of attack (deg) a o | _1-7/0] LA
Ginbal sngle (deg) B 0 %.20 /L0 N.A.
Dynamic equation for rebound R = 0.67 (thrust) / (weight)
Dynamic equation for holddown R;A= 1.7 (thrust) - (weight)



Page b - b

S-1iB

8TV

PTABLE IIT.~ PRELIMINARY ASCENT TRAJECTORY

Three-stage escape mission
Injectlion at 200Km - 1.25g Lift-off

Stoge - Tsp = 260 sec {sea level)

2

Flight propellont consumption - 1,526,000 1b
Lift-off weight - 2,400,000 1b

Litt-off thrust/weight ratio = 1.25

Thrust = 2 X 1500K

T Stage - Tsp = h22 sec (vacuum)

Flight propellant consumption = 5%6, 600 1b
Lilt-olf weipht = 751,400 1b
Thrust = 4 x 200K

lage - Tsp = 120 cec (vacuum)

¥lipght propellant consumption = 91,750 lb
Lift-off weight = 152,785 1b
Tarust = 6 X 15K (engines canted 6°)

velocity vector.

Time gz;?( Veloclty { Altitude Range z ;I 2 gizg’:iie zf;lwite Weight [Angle of attack
(sec) (d(jg) (m/sec) (3am) (xm) (m/sec?) (I(g/m2) ((1<;g) (1) (deg)
STAGE T

o] 0 0 0 ' 0 0 0 2,400,000 0

10.25 . 0015 28.07 L1358 0 h8.57 .027 | 2,281,731 025

20.00 1.260 61.32 568 .00k 222.% 1.386 | 2,169,231 .120

40.00 | 10.43 156.8 2.665 el 1,180.0 0.5 | 3,938,462 [

60.00 | 25.29 30h.6 6.940 1.64 2,811.0 25.30 | 1,707,692 0

80.00 | h0.33 5257 13.67 6.12 3,356.0 %0.38 | 1,476,923 o]
100.00 | 52.25 865. 4 22.96 16.08 2,157.0 52,40 | 1,246,154 0
120.00 | 60.70 1,351.0 34.87 34,36 1854 61.01 | 1,015,384 0
132,253 G4.50 1,754.0 L3 W8 50.99 379.0 Gh. 96 874, 000 0
STAGE 1T

C 132,255 6%.50 1,73%.0 3,48 50.99 | 10.32 579.60 | 64.96 751, 400 0
140.0 67,61 1,811.0 51.92 69.87 | 10.70 195.10 | 65.65 736, 71h -1.25
160.0 T1.45 1,9%2.0 62.35 97.66 | 11.19 50.92 | 67.44 (98,799 ~k.66
180.0 75.62 2,107.0 13.72 135.9% | 11..84 1.2 | 69.2% 660, 88k -7.5%
200.0 T79.1k4 2,306.0 8%.30 17845 | 12,57 2.96 | TL.05 622,970 -9.70
220.0 82.06 2,5%0.0 91.1% 205,50 | 13.38 0.741] 72.82 583,055 -11.27
2h0.0 84 h6 2,779.0 97.3%0 277.39 | 131 .ehgl Th.60 SW7,1h0 ~12.34
260.0 86.%9 3,05%.0 | 101.90 330,58 | 15.38 .126] 76.4%0 509, 226 -1%.00
280.0 87.92 3,%55.0 | 105.03 A07.5L | 16.61 .088 718.19 h71,310 ~-13.30
300.0 89.09 3,687.0 | 106.82 hG6.69 | 18,07 .o79l 79.98 433,396 ~13.30
%20.0 89.9h b,05%.0 | 107.43 sh2.75 1 19.80 L0831 81L.77 3015, 481 ~13%.05
3h0.0 90.50 4, h60.0 | 107.06 G26.%0 {21.90 L1090 83.56 357,567 -12.57
560.0 90.79 4,915.0 | 105.97 - T18.52 | 24k b9 L162] 85.3%6 319,652 ~11.90
380.0 90. 834 5,428.0 | 10k.46 820.15 | 27.79 25kt 87.15 201,737 ~11.07
400.0 90.63 6,018.0 | 102.96 932.63 | »2.11 .hol| 88.94 23,823 -10.08
k2o.0 90.18 6,708.0 | 102.02 1,057.67 | 38.02 593 90.73 205, 908 -8.96
425,859 90.00 6,934.0 | 101.96 1,097.00 | %0.19 .60 91..25 194, 801, ~-8.61
STACE IIT
h25.854  90.00 6,9%54.0 | 101.96 1,097.0 5.7% 92,70 152,703 ~T.17
430.0 90. 0l 6,958.0 | 101.95 1,125.0 5.77 95.00 151,896 ~T.27
150.0 90. 2k 7,07h.0 | 101.59 1,26%.0 5., 9l oh. Li 17,610 ~7.1h4
I70.0 90.38 7,195.0 | 100.82 1,4k0k.0 6.11 95.92 1h3, 324 -7.08
kg0.0 90.48 7,220.0 99.72 1,507.0 6.%0 97.h0 139,039 -6.99
510.0 90.52 T,449.0 Q8. h3 1,692.0 6.50 98.87 130,753 -6.87
5%0.0 90.52 7,583.0 97. 04 1,840.0 6.71 100.35% 1%0, 467 -6.72
550. 0 90. 47 7,720.0 95.70 1,99L.0 6.9k 101.84 126,181 ~6.54
570.0 90.38 7,862.0 ol 53 2,14k 0 T.19 105. 55 121,896 -6.33
590.0 90.2% 8,009.0 93.5% 2,3540.0 7.5 105.21 117,610 -6.03
610.0 90.03 8,161.0 9%.29 2,460.0 T.73 106, 34 11%,32Ah -5.83
633.0 89.75 8,342.0 93,62 2,607.0 8.08 105.08 108, 396 -5.48
65%.0 89.45 8,505.0 o, 78 2,813.0 8.h1 109.59 104,110 -5.16
67%.0 89.10 8,067h.0 96. 9l 2,982.0 8.78 111.12 99,82k k.81
693.0 83.70 8,850.0 | 100.30 3,155.0 9.17 112,64 95,558 )
T13.0 88.2k4 9,0%2.0 | 105.07 3,331.0 9.60 114,18 91,255 -4.03
733.0 87. 74 9,222.0 | 111.46 3,510.0 10.07 115.71 86, 967 -3.60
75%.0 87.18 9,h21.0 | 119.7L %,60%.0 10.60 117.2% 82,681 ~3.15
77%.0 86.57 9,628.0 { 130.09 %,880.0 11.17 118.80 78,596 -2.67
79%.0 85.90 9,84G.0 | 142.86 4,070.0 11.82 120,34 74,110 -1.h3
81%.0 85.18 | 10,076.0 | 158.31 ho2Gh.0 12.5% 1721.89 69, &b ~1.65
835.0 8h.41 | 10,318.0 | 176.78 L, hie. 0 1%.37 2544 65,5358 -1.11
85%.0 85.59 | 10,576.0 | 198.60 I, 66k .0 150 1z2k.99 61,253 -0.55
&sh.02] 83.5h | 10,590.0 | 200.00 b, GTh. 0 U 125,07 61,0%3 -.52
KOTES: 1. Path angle is the angle measured 2. Tilt angle is the angle

between the local vertical and the measured between the launch

verticel and the vehilcle axis.




TABLE IV.- PRELIMINARY ASCENT TRAJECTORY

Three~stage escape mission

Injection at 200Km - 1.15g lift-off

S-IB Stage -~

S5-I Stage -

8~-1V Stoage -

fsp = 260 sec (sea level)

TFlight propellant consumption = 1,600,000 1b
Lift-off welght = 2,608,730 1b

Lift-off thrust/weight ratio = 1.15

Thrust = 2 X 1500K

Isp = 422 sec (vacuum)

Flight propellant consumption = 678,100 1b
Lift-off weipht = 883,730 1b

Thrust = 4 x 200K

Isp = 420 sec (vacuum)

Flight propellant consumption = 94,144 1b
Lift-off weipght = 154,630 1b

Thrust = 6 X 15K (engines canted 6°)

Page 4 ~ %

Path . ” F-D Dyneniic Tilt ot . Anisle of
?222) angle ¥3}22i§y Al?;;;de R?;ﬁ? M > pressure | angle w?i%?h attack
(aes) (m/sec®) | (Kpg/n?) | (deg) (deg)
STAGE I
0 ¢ 0 [¢] 0 11.26 [o} 0 2,608, 730 0
10.25 .00L 7.5 .09 0 11.80 19.07 .00k | 2,490,461 .00
20.00 sl 39.7 359 0 12.38 95.22 A75 | 2,377,961 .00k
ho.oh 3.61 106.2 1.77 .01} 13.95 592.7 3.61L | 2,146,788 [¢]
60.0k | 15.38 211.9 .83 503 | 16.07 1,717.0 13.%8 | 1,916,018 (o]
8o.0h | 26.61 369.0 10.18 2.50 | 18.17 2,808.0 26.64 | 1,685,249 0
100.04 | 39.39 608 .1 18.1h 7.80 | 22.32 2,248.0 39.46 | 1,454,480 (o]
120.0% | 49.50 965.0 29.09 18.7% | 27.34 980.9 k9.67 | 1,223,710 0
138.67 | 56.42 1,k20.0 ho .22 36.29 | 3342 302.1 56.7h 11,008,726 ¢
STAGE II
138.667( 56.42 1,419.5 ho.22 36,29 8.78 302.1 56.7h 883,730 0
140.0 56.8% 1,42k .2 h3,26 37.86 | 8.81 26%.8 56.86 881,203 - .2k
160.0 62.8% 1,508.0 57 .94 62.98 9.27 51.6 58.70 843,288 ~h.h6
180.0 68.20 1,617.0 70.82 91.11 9.72 11.9 60.5% 805, 37k ~8.40
200.0 72.88 1,749 .4 81.98 122.45 | 10.20 2.2 62.36 767,459 | -11.60
220.0 16.89 1,90%.7 91 .k 157.2)1 1210.73 0.k 64.19 729,58 | -1k ,11
240.0 80.27 2,079.0 99.26 195.64 | 11.32 .1 66.02 691,630 | ~16.01
260.0 83.08 2,274.6 | 105.51 238.0L | 11.98 .0 67.85 653,715 | -17.37
280.0 85.39 2,490.5 | 110.25 284 .60 | 12.71 .0 69.68 615,800 | -18.26
300.0 87.25 2,727.% | 113.55 335,75 | 13.55 .0 TL.5% 577,885 | -18.76
320,0 88.7% 2,986.0 | 115.52 391.78 | 14.50 .0 73.35 539,971 | -18.91
340.0 89.86 3,268.% | 116.25 55,16 | 15.59 .0 75.18 502,056 | -18.76
360.0 90.70 3,576.7 | 115.87 520.34 | 16.87 .0 T7.01 46k, k1 | -18.37
380.0 91.27 3,900.6 | L1h.5s 593%.86 | 18.37 .0 78.84 ho6, 027 | ~17.77
h00.0 91.58 b, 206.5 | 112,49 G7h .30 | 20.16 .0 80.67 388,312 | -16.98
420.0 91.67 4,698.8 | 109.91 762,55 | 22.34 W 82.50 %50, 397 | -16.,03
L4ho.0 91.54 5,160.0 | 107.12 859.356 | 25.06 a 8,35 312,48% | -14.9%
460.0 91.19 5,082.2 | 104,51 965.86 | 28.52 ] 86.16 274,568 | ~13.71
480.0 90.6% 6,283.1 | 102.59 | 1,083.40 | 55.08 5 87.99 2%6,65% | -12.38
196.365] 90.00 6,852.1 | 101.99 | 1,189.11 | 78.08 .6 89.49 205,630 | -11.20
STAGE IIL
496,565 90.00 6,852, | 101.99 | 1,189.11 5.60 91.78 154,630 -8.91
506.0 90.11 6,906.6 | 101.92 | 1,25k.%5 5.7h 92.52 152,565 -8.87
516.0 90.20 6,964.2 | 101,75 | 1,322.61 5.82 93.28 150, k22 -8.81
536.0 90.%6 7,082.2 | 101..05 | 1,460.86 5.99 9k .82 146,157 -8.68
556.0 90.48 7,20k.2 99.97 | 1,601.50 6.18 96.37 141,851 -8.51
576.0 90.55 T, 530.2 98.66 | 1,74h.60 6.57 97.92 137,565 ~8.31
596.0 90.57 T7,460.5 97.22 |1,890.25 6.57 99.hg 133,280 -8.08
616.0 90.5k% 7,595.0 95.75 | 2,0%8.54 6.79 101.06 128,994 -7.82
636.0 90.47 1,75%.9 9k, Lo | 2,189.56 7.02 102.6h 124,708 ~T.53
656.0 90.35 7,877.3 93.27 | 2,%43.40 T.27 10%.24 120,422 -7.20
676.0 90.18 8,005.6 92.53 | 2,500.1% 754 105.82 116,137 -6.85
698.0 89.94 8,194.5 92.%32 | 2,675.99 7.86 107.59 111, k22 -6.43
718.0 89.67 8,35%.7 92.87 |2,839:10 8.18 109.20 107,137 | -6.01
758.0 89.36 8,518.5 94,28 | 3,005.36 8.52 110.82 102,851 -5.57
758.0 88.99 8,689.4 96.Th | 3,17k BT 3.89 112.45 98,565 -5.10
778.0 88.58 8,866.9 | 100.45 | 3,347.71 9.29 11k .09 gh, 280 ~h.61
789.0 88.12 9,05L.5 | 105.60 | 3,523.96 9.7% 115.73 89,994 4,09
818.0 87.60 9,240 | 112.42 |3,703.70 {10.22 117.38 85,708 <3.54
838.0 87.04 9,i5.0 | 121.135 | 3,887.02 [10.76 119.03% 81,423 -2.97
858.0 86.47% 9,655.6 | 132.00 | h,073.99 [11.36 120.69 TT,137 -2.38
8¢8.0 85.76 9,876.9 | 1h5.29 |h,26h.co |[12.02 122.35 72,851 =177
898.0 85.05 [10,110.3% | 161.29 |h4,459.2% [12.78 12h.02 68,565 -1.14
918.0 8,28 |10,357.4 | 180.31L | k4,657.68 [13.63 125.69 6, 280 -0.kg
935.70h | 83.55 110,589.% | 199.96 | 4,836.70 |14.48 - li27.16 60,486 +.10
NOTES: 1. Peth angle is the angle measured 2. Tilt angle is the angle measured

between the local vertical and the

velociby vector.

the vehicle axis.

between the launch vertical and
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TR,

TABLE V.- SINGLE TANK NOVA, OPTIMIZED LOADINGS
| WITH PAYLOAD FOR ESCAPE MISSION THROUGH MINIMUM
700 N.M. ATITTUDE WETGHT AND PROPULSION DATA, CONFIGURATION

STAGE T IT IIT v
Fngine 8(r-1) 8(J-2) 2(J-2)
Propellant LOX /RP-1 L.OX /LH- LOX /LH
Thrust (1b) 8 X 1,500,000 | 8 X 200,000 | 2 X 200,000
Adjusted thrust (1b) 12,000,000 | 1,600,000 400,000

o 260 (sl)
Isp(”oc) 299 (vac) hoo hoo
Flow rate (1b/sec) 46,154 3,792 9k, 787
Exit area (in.)2 1.2%,1%6
Missile diameter (in.) 520 396 260
W11,15, Payload, 1b 180,500
W.‘ 6 Guid. compartment, 1b 500
W2 Guid. and control, 1b 1,000 500 2,000

J
w5 Fuselage, 1b 170, 300 48,7%0 15,450

2
W), Propulsion, 1b 156,550 22,210 4,900

, ;
w5 Recovery equilp., 1b 40,000 8,000 0

s .
Wg Trapped prop., 1b 65,200 11,390 3,420

b
Vo Usable residuals, 1b 35,150 6,670 {119,530 FPR -
> 2,200 MRS
Wy Prop. consumption, 1b 7,030,000 1,33%,000 2,800
b
W, 1 Structure wt, 1b 367,850 79, 440 22,850
y LYy . )
W. ., Struc. net wt, 1b 468,200 97,500 48,000
n;16, , .
W, g Stage wt, 1b " 7,498,200 1,430,500 490,800
‘3 2
W, Lift-of T wh, 1b 9,600,000 2,101,800 671, 500
2
W Cutoff wt, 1b 2,570,000 768,800 228,500
2
r, Mass ratio 3,755 2,734 2,9%8
Au, Charac. vel. (m/sec) 5,692 4,156 4 hsh

: 7z
FO/WO 1.25 0.761 0.596
Ivmc/wC
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SPACECRAFT 9

VEHICLE INSTRUMENT COMPARTMENT

STAGE S-1V

STAGE S-11 T

STAGE S-IBY - W,f\f\

... STA 2847

————-gTA 2728

|\ sTA 2593 SEPARATION PLANE.

R STA 2401 FIELD SPLICE
e -STA 2%51 FLELD SPLICE

-STA 2219

— STA 1775

. .STA 116k
~—@TA 1127

gTA 859 FIELD SPLICE

|- STA T30

~-STA 373
''''''' STA 305

e M .

Figure 2.- Saturn c-3 vehicle.

SO

——STA 1888 FIELD SPLICE

TA 100 GIMBAL PLANE
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APOLLO SPACECRAFT

__STA 1047 POSSIBLE SKEPARATION PLANE
- STA 999 GIMBAL PLANE
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Figure 3.- EI versus longitudinal station for
C-3 vehicle '
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Center of gravity - vehicle station - inches

IR J—

D 400} i

2,200

2,150
0

Weight = 152,783 1b - 216 lb/sec (1.25 G vehicle liftoff acc

..ref, table 3)

- 300,000

- Pitch mass moment of inertia

Pltch mass moment of inertia ~q

250,000

o 100,000 1p usable propellants -

2,300 125 & vehicle 1iftoff aveeleration . 2%

Center of gravity

- 200,000

‘ ,_’_..,.:,' it 150,000

1 100,000

7“f-*“""'1 25 G vehicle 1|ft-;-**

‘\\~Center of gravxt/ AOff aCCEleratiQh

100,000 1b usableA:i;:t?";ﬁ

wa??propellants

STV Gimeal sta:

50,000

Sta 19817

150 200 250 300 350
S-1V stage burning time - seconds

50 100

Figure 6.-
inertia versus burning time,

A0

150

Center—of-gravity shift and pitch-mass moment of

500

Pitch mass moment of inertia - Kg M sec?
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™

Sta 989 Field splice

Sta 876

?#er_nﬂw“._wm._“.mmm-___staZGS
T

Sta 148 Typical separation plane

Sta 100 Gimbal plane

Sta =-40 Field splice

Figure 7.- S-|| stage inboard profile.

o



2800 |

HICLE UT"[AJ CHER 7] TH
1103 ‘JL & GU

T W=
"

Figure 8, -

8 10 12
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Wind shear versus longitudinal station,
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Figure 13,- Longitudinal force distribution versus longitudinal
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Longitudinal force, 1lbs
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Figure 18, -
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Longitudinal force distribution versus longitudinal

station for the condition of maximum dynamic pressure,
t = 72 sec,
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Longitudinal force, lbs
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Figure 19.~ Longitudinal force distribution versus longitudinal
station., t = cut-off.
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FIRST FREE-FREE BENDING MODES AT LIFT-OFF & MAX ¢

Sta 2800 -
/
Sta 2400 ~ y
/
/
/ .
Sta 2000 - / Lift-off
1 = 1.60 cps

£ Max g =------
- fy = 1.67 cps
€ Sta 1600 -
S
<«
K
wn
© Sta 1200 -
—t
©
2 |
= sta 800-

Sta 400 -

Sta 0

| 1 | | | B
-.8-.4 0 .4 .8 1.2

Relative amplitude,(in)

Figure 20.- First free-free bending modes at lift-off
and maximum dynamic pressure.
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Figure 26,- Saturn C-3 vehicle with Apollo payload. Distribution
of local normal-force coefficient, First-stage flight configuration,
0 ref, = 320 inches,
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Figure 27.- Saturn C-3 vehicle with Apollo payload. Variation of normal
force and center of pressure with Mach number, First-stage flight
configuration, D ref, = 320 inches,
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CONTROL SCHEME FOR SATURN C3 CONFIGURATION

INSTRUMENT COMPARTMENT

i SEQUENCE |
- SIGNALS -
1 f ]
1 : 4 GIMBAL PLATFORM !
alj  LoNGITUDINAL u GU:D:NC!'- IR CONTROL
={} ACCELEROMETER SIGNAL Mo b~gm.] ATTLTUDE o] CONTROL ™ I°=1  AGCELEROMETERS
: PROCESSOR SENSORS | .
- I .
computer | B
DIGITAL \ ACCELEROMETERS RATE GYROS
COMPUTER -
1
; -
h'_'-l-l-_i-l-l-l-l—l-l-l-_l-l-l-I-lj:-l-l-.
TO CONTROL S-1v
! ACTUATORS
(6]e)
o
i O

1=\ 6]
: O
/ | \ ‘ "’ 6 SWIVEL ENGINES °©

( 12 CONTROL ACTUATORS)

WUEBIN AND (OCATION OF BATL 6YRO
PACRAGEIST AND ACCELIN TIQ PACRASL{SI
PIPINDS GPON VINICLE DYNARK $1UDY

S-II
' . Q0O
- T @
4 SWIVEL ENGINES
) .

( 8 CONTROL ACTUATORS

' S-1B
L_ ‘

2 SWIVEL ENGINES
( 4 CONTROL ACTUATORS)

1e for Saturn C-3 configuration.
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Figure 33.- Overall plan view of launch complex 37.

oo



/ = = , \\j =
//é;? | } = _EC'\ ~ D—HOLDING :«ono\ »\

/]
\\ [FRDR FAG-S /
\‘ K Ay 1 / “
. Psi Y V]
\ & TERMINAL BLDG. 3
AR _\__:;_ - [ HUMBILICAL TOWER ;/
\\ i : : L—‘-‘-_._i; R AUNCH PEDESTAL,
N i
\ \ i CH.P GAS BATTERY - c; '/
a\ TN — e b_T /
\ \ Gavice ) i \ ‘ / i \J
STRUCTURE, \ \ ,VAeuzw
2 / /'\—WAL:(WAY \ /

k

// ;
LOX STORAGE —1 W\

\

CAPSULE //
UNLOADING.
T\ _SHELTER y /

/

OPERATION
SUPPORT 3LDG.>

J o

L LAUNCH CONTROL BoG ,

| (1
| SATURN FACILITY II
PARKING | LAUNCH COMPLEX 37

i

{
i
!
t

l

Figure 34.- Relative location of major facilities
with launch complex 37.

¢¢ - ¢ 9%eg



age 5 - 36

*J8juag T0J1U0D younel O ueTd J0OT} 3}SJid -"GE aJdnbi4

AITITTTIITITITIEDL,
:

AGENTIILS Y

E




*J81Usg TOJIUCT youneT ;O ueTd JOOT} PUOISS -'9¢ 24nbi 4

e

VT ST s G

~

i

7

— e




Page 5 - 38

Service structure

Figure 37.- Service structure, launcher and
umbilical tower for launch complex 37.
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